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ment o
talstrasAbstract—Our aim was to prospectively evaluate inter- and intra-observer agreement between Breast Imaging
Reporting and Data System (BI-RADS) classifications and Tsukuba elasticity scores (TSs) of breast lesions. The
study included 164 breast lesions (63 malignant, 101 benign). The BI-RADS classification and TS of each breast
lesion was assessed by the examiner and twice by three reviewers at an interval of 2 months. Weighted k values
for inter-observer agreement ranged from moderate to substantial for BI-RADS classification (k 5 0.585–0.738)
and was substantial for TS (k 5 0.608–0.779). Intra-observer agreement was almost perfect for ultrasound (US)
BI-RADS (k 5 0.847–0.872) and TS (k 5 0.879–0.914). Overall, individual reviewers are highly self-consistent
(almost perfect intra-observer agreement) with respect to BI-RADS classification and TS, whereas inter-
observer agreement was moderate to substantial. Comprehensive training is essential for achieving high agree-
ment and minimizing the impact of subjectivity. Our results indicate that breast US and real-time elastography
can achieve high diagnostic performance. (E-mail: rosanna.zanetti@usb.ch)  2016 The Authors. Published
by Elsevier Inc. on behalf ofWorld Federation for Ultrasound inMedicine & Biology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Key Words: Breast Imaging Reporting and Data System, BI-RADS, Tsukuba score, Breast ultrasound, Inter-
observer agreement, Intra-observer agreement, Breast elastography.INTRODUCTION
In breast ultrasonography (US), lesions are classified on
the basis of their sonographic features into categories
2–6 according to the Breast Imaging Reporting and
Data System (BI-RADS) (American College of
Radiology [ACR] 2013). Solid breast lesions are charac-
terized according to shape (oval, round, irregular); orien-
tation (parallel, not parallel); margins (circumscribed, not
circumscribed); echo pattern (anechoic, hyper-echoic,
complex cystic and solid, hypo-echoic, iso-echoic and
heterogeneous); and posterior acoustic features. Benign
masses are round or oval and wider than tall, with smooth,
defined margins. In contrast, malignant masses tend to be
irregular, with ill-defined to spiculated margins, and areddress correspondence to: Rosanna Zanetti-D€allenbach, Depart-
f Gynecology and Obstetrics, University Hospital of Basel, Spi-
se 21, 4031 Basel, Switzerland. E-mail: rosanna.zanetti@usb.ch
2622taller than wide. In addition, BI-RADS classifies solid
breast lesions according to their risk of malignancy.
Cysts, solid lesions with unchanged or diminishing size
and benign features in follow-up, as well as solid lesions
with known histology, are classified as BI-RADS 2 or
benign lesions. A solid breast lesion without any suspi-
cious features is considered BI-RADS 3 or probably
benign, whereas BI-RADS 4 indicates a suspicious
finding and BI-RADS 5 is highly suggestive of malig-
nancy. A known biopsy-proven malignancy is classified
as BI-RADS 6. A normal sonographic breast examination
without any lesions is considered BI-RADS 1. An incom-
plete examination or the need for additional imaging
evaluation is described as BI-RADS 0.
A number of factors, however, influence BI-RADS
classification. For example, considerable overlap in the
US appearance between malignant and benign breast le-
sions introduces observer variability. More significantly,
US is an operator-dependent examination because the
Inter- and intra-observer agreement of US BI-RADS/Tsukuba score d F. SCHWAB et al. 2623detection, description and interpretation of breast lesions
are based solely on the examiner (Berg et al. 2006). Oper-
ator dependence has been investigated by determining
weighted k values of US BI-RADS final assessment be-
tween different examiners (see Table 1 and references
therein). An early study by Skaane et al. (1997) reported
moderate agreement between examiners in their interpre-
tation of breast US (k5 0.48). Subsequently, Baker et al.
(1999) confirmed a moderate (k 5 0.51) inter-observer
agreement. These authors also explored intra-observer
agreement, which they found to be substantial (k5 0.66).
In addition to the morphologic features seen in ultra-
sound, the elastic properties of soft tissues of the breast
can be used as a parameter for diagnostic procedures.
For example, real-time elastography (RTE) explores the
difference in stiffness in benign and malignant breast le-
sions compared with the surrounding normal parenchyma
at the macroscopic scale (Itoh et al. 2006; Sadigh et al.
2012). More recently, indentation-type atomic force mi-
croscopy has emerged as a novel diagnostic tool that al-
lows mapping of the stiffness of unadulterated breast
biopsies at nanoscale resolution (Plodinec et al. 2012).
In RTE, strain data obtained from tissue displace-
ment produced by external compression with the probe
is used to form a strain image (Itoh et al. 2006). Harder
areas exhibit less tissue displacement, whereas softer
areas exhibit more displacement. Strain distribution,
which is inversely related to tissue stiffness, is visualized
as a color-coded map that is superimposed on the B-mode
image of conventional US. To standardize the interpreta-
tion of strain images, Itoh et al. (2006) developed the Tsu-
kuba elasticity score (TS). Like the BI-RADS lexicon for
breast US, TS defines parameters to standardize the inter-
pretation of RTE. According to the Tsukuba elasticityTable 1. Studies investigating inter-
Reference
BI-RADS final classification
Inter-observer Intra-ob
Berg et al. 2006 0.52
Lee et al. 2008 0.53 0.72–
Abdullah et al. 2009 0.30
Calas et al. 2010 0.37–
Berg et al. 2012 0.53–0.59
Elverici et al. 2013 0.35 0.64–
Thomas et al. 2006a
Thomas et al. 2006b
Yoon et al. 2011 0.37
Cho et al. 2011
Cho et al. 2012
Park et al. 2015 0.478
Schafer et al. 2013 0.634 0.7
This study 0.585–0.738 0.847–
* Real time.score illustrated in Figure 1, TS1 and TS2 represent
benign breast lesions, TS3 probably benign, and TS4
and TS5 malignant.
In clinics, RTE is not used as the sole examination
procedure, but as a non-invasive adjunct in combination
with breast US to further classify breast lesions
(Wojcinski et al. 2010). However, the corresponding
strain image is influenced by the compression technique
of the individual examiner (Ciurea et al. 2011). Similar
to US, not only data acquisition, but also interpretation
of strain images, is operator dependent. Thus, TS is
vulnerable to inter-observer variability. For example,
Yoon at al. (2011) reported moderate (k 5 0.46) inter-
observer agreement for TSs of static images. However,
in real-time examination, inter-observer agreement was
decreased to fair (k 5 0.28).
Overall, inter- and intra-observer variations in visual
classification in breast US and RTE raise concern
regarding the diagnostic performance of these proce-
dures. Whereas a limited number of studies exploring in-
ter- and intra-observer agreement in B-mode US exist,
corresponding studies in RTE are rare. Here, we describe
a prospective single-center study investigating inter- and
intra-observer agreement of US BI-RADS classification
and TSs in RTE.METHODS
The single-center prospective study was approved
by the institutional review board and conducted accord-
ing to good clinical practice guidelines. Women with a
solid breast lesion who were at least 18 y of age and
scheduled for ultrasound-guided invasive breast biopsy
at the outpatient breast clinic of the Women’s Hospitaland intra-observer agreement
k Value
BI-RADS final classification
server Inter-observer Intra-observer
0.79
0.69
0.83
0.73
0.86
0.28*/0.46
0.587
0.481
0.591
84 0.561 0.720
0.872 0.608–0.779 0.879–0.914
Fig.1. Tsukuba elasticity score. Breast elastography images are classified in five categories (Tsukuba elasticity scores
1–5) based on strain image patterns superimposed on B-mode images. Lesions scored 1 or 2 are considered benign, lesions
scored 3 are considered to be probably benign and lesions scored 4 or 5 are considered malignant.
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August 2009 to December 2012 were recruited. After
receiving full information about the study and providing
written informed consent, patients underwent a breast
workup including breast examination, bilateral whole-
breast ultrasound and RTE of the lesion, mammography
where indicated, and finally, ultrasound-guided breast bi-
opsy. Histopathologic results of the ultrasound-guided
breast biopsies were used as reference standards.
Sonographic and RTE data were acquired by exam-
iners who routinely perform breast ultrasound examina-
tions. Before the study began, they received 1 week
training in RTE that included background theory as
well as supervised elastography examinations. The pri-
mary examiners were aware of the clinical and, if avail-
able, mammographic findings at the time of
examination. The ultrasound examination and RTE
were performed with a 50-mm linear probe (EUP-
L53 L) and a EUB-75 ooHV-LCD Hitachi scanner (Hita-
chi Medical Systems Europe Holding, Zug, Switzerland).
For B-mode imaging, each lesion was scanned in trans-
verse and sagittal planes. The dimensions of the lesions
were recorded along three orthogonal planes, and the
lesion volume was calculated. Based on the B-mode im-
ages, lesions were categorized according to BI-RADS
(ACR 2003).
Real-time elastography of the lesion was performed
immediately after recording the conventional B-mode
image. The strain image was superimposed on the B-
mode scan and displayed with color mapping from red
(soft lesion with maximum strain) to green (intermediate
strain) and blue (hard lesion with minimum strain). Thearea of interest was selected such that it spanned from
subcutaneous fatty tissue to the superficial portion of
the pectoralis muscle, avoiding the rib, and contained
the breast lesion surrounded by sufficient normal tissue.
Subsequently, a manual freehand cyclic compression
technique was employed as described by Itoh et al.
(2006). To avoid excessive or insufficient pressure on
the tissue and to augment reproducibility, a pressure be-
tween 3 and 4 according to the pressure amplitude dis-
played by the Hitachi software (1 5 lowest and
6 5 highest pressure) was applied. Elastographic images
were recorded and classified according to a 5-point
scoring system known as the Tsukuba score (Fig. 1)
(Itoh et al. 2006).
For each lesion, one representative B-mode image
and one to five elastograms were recorded. Individual
elastograms were acquired in series under comparable
imaging conditions by the same examiner and saved for
later review.
In addition to the assessment by the initial examiner,
BI-RADS classification (ACR, 2003) of static B-mode
images and Tsukuba scoring (Itoh et al. 2006) of static
RTE images were repeated by three independent, experi-
enced reviewers whowere blinded to the clinical findings,
as well as mammographic and histopathologic results.
After at least 2 months, all images were re-assessed in
random order by all three reviewers.
Data analysis
Patient characteristics and data derived from ultra-
sound examination, including BI-RADS classification
and elasticity score, were retrieved from electronic
Inter- and intra-observer agreement of US BI-RADS/Tsukuba score d F. SCHWAB et al. 2625medical records (View Point, Bildverarbeitung, Wes-
sling, Germany) and entered in an Excel worksheet.
Before statistical analysis, all data were anonymized.
To compare study parameters descriptively between
study groups, the mean, standard deviation (SD), median,
minimum (min) and maximum (max) were reported
as appropriate. Additionally, p values of t-tests, Mann–
Whitney U-tests and Fischer’s exact tests were displayed
as appropriate.
Inter- and intra-rater agreement was estimated using
weighted k values with corresponding 95% confidence
intervals (CIs) (Cohen 1968). k values were interpreted
as poor (k , 0), small/slight (k 5 0.0–0.20), fair
(k 5 0.21–0.40), moderate (k 5 0.41–0.60), substantial
(k 5 0.61–0.80) and almost perfect (k 5 0.81–1.00)
agreement between examiners.
A p value ,0.05 was considered to indicate signifi-
cance. All evaluations were done using the statistical
package R, Version 3.1.1 (R Development Core Team
2014).RESULTS
Analysis of inter- and intra-observer agreement in
US BI-RADS classification and TS included 613 elasto-
grams of 164 breast lesions in 156 patients. Patients
ranged from 18 to 89 y of age with a mean of 50.3 y. Pa-
tients with benign lesions were significantly younger than
patients with malignant lesions. Core needle biopsy was
performed on all 164 breast lesions. Histologic evaluation
revealed 38.4% (n 5 63) malignant and 61.6% (101)
benign lesions. Among the benign lesions, 40.6%Table 2. Patient and les
Patient/lesion characteristics All breast lesions (n 5 1
Age (y)
Mean 6 SD 50.3 6 17.4
Range, min–max 18–89
Percentage (No.) of breast lesions 164
Lesion volume (mL)
Mean 6 SD 2.55 6 4.66
Range, min–max 0.05–30.1
Mean maximum lesion ø (mm)
Mean 6 SD 17.7 6 10.5
Range, min–max 4.6–67.9
BI-RADS category by examiner, % (No.)
3 85
4 44
5 35
Tsukuba score by examiner, % (No.) 613
1 58
2 373
3 67
4 28
5 87(n5 41) were fibroadenomas, 34.7% (n5 35) fibrocystic
changes, 15.8% (n 5 16) ductal hyperplasias and 8.9%
(n 5 9) other benign lesions. Among the malignancies,
77.8% (n 5 49) were invasive ductal cancers, 12.7%
(n 5 8) invasive lobular cancers and 9.5% (n 5 6) other
types of breast cancer. The mean maximal diameter of the
lesions was 17.7 mm (4.6–67.9 mm), and the mean lesion
volume was 2.55 mL (0.05–30.1 mL). Benign and malig-
nant lesions did not significantly differ in size (Table 2).
Initial BI-RADS classification by the examiner of all
164 lesions yielded 51.8% (n5 85) in BI-RADS 3, 26.8%
(n5 44) in BI-RADS 4 and 21.3% (n5 35) in BI-RADS
5. The cancer rates for each BI-RADS classification are
listed in Table 2. Benign lesions were significantly
more often classified as BI-RADS 3 than malignant le-
sions, whereas malignant lesions were significantly
more often classified as BI-RADS 4 or 5 than benign le-
sions (p , 0.001).
The elastograms were scored according to the Tsu-
kuba elasticity score developed by Itoh and Ueno (Itoh
et al. 2006). The 5-point scoring system is based on visual
assessment of the degree and distribution of strain in the
breast lesion and surrounding tissue (Fig. 1). TS 1 and 2
lesions are considered benign, TS 3 lesions probably
benign and TS 4 and 5 lesions malignant. One to five elas-
tograms of each lesion (n 5 613) were recorded and
scored. In the real-time assessment by the examiner,
9.5% (n 5 58) of elastograms were assessed as TS 1,
60.8% (n 5 373) as TS 2, 10.9% (n 5 67) as TS 3,
4.6% (n 5 28) as TS 4 and 14.2% (n 5 87) as TS 5.
The cancer rates for different TSs are listed in Table 2.
Among the elastograms of benign lesions, 71.2%ion characteristics
64)
Pathohistologic diagnosis
p valueBenign Malignant
43.1 6 14.5 61.2 6 15.8 ,0.001
18–84 19–89
61.6% (101) 38.4% (63)
2.06 6 4.28 3.35 6 5.15 0.101
0.06–30.1 0.05–26.8
16.6 6 9.08 19.1 6 12.4 0.202
5.2–57.0 4.6–67.9
96.5% (82) 3.5% (3) ,0.001
40.9% (18) 59.1% (26)
2.9% (1) 97.1% (34)
61.2% (375) 38.8% (238) ,0.001
96.5% (56) 3.5% (2)
68.1% (254) 31.9% (119)
65.7% (44) 34.3% (23)
57.1% (16) 42.9% (12)
5.7% (5) 94.3% (82)
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2626 Ultrasound in Medicine and Biology Volume 42, Number 11, 2016(n 5 354) had a TS between 1 and 3, whereas 81.7%
(n 5 94) of images of malignant lesions had a TS of 4
or 5. The assignment of benign lesions to TS 1–3 versus
4 and 5 and that of malignant lesions to 4 and 5 versus 1–3
are statistically significant (p , 0.001).
To assess inter-observer reproducibility of US BI-
RADS classification and TSs, static B-mode images and
elastograms were independently evaluated in random or-
der by three reviewers who were blinded to all clinical
data, in addition to the primary examiner. Weighted k
values for inter-observer agreement are summarized in
Table 3. For inter-observer agreement of US BI-RADS
classification between the examiner and each of the three
reviewers, k values between 0.585 and 0.738 were calcu-
lated, which correspond to a moderate to substantial
agreement. k values between reviewers ranged from
0.559 to 0.701, also representing moderate to substantial
inter-observer agreement. The k values for inter-observer
agreement of TSs ranged from 0.608 to 0.693 (examiner
vs. reviewer) and from 0.750 to 0.779 (inter-reviewer).
Theses k values represent substantial inter-observer
agreement.
To determine the intra-observer reliability of US BI-
RADS classification and elasticity scoring for each
reviewer, the k values were calculated based on two
sequential reviews of B-mode images and elastograms
that were carried out in random order with an interval
of 2 months between reviews (Table 3). The k values
for US BI-RADS ranged from 0.847 to 0.872, and those
for TS, from 0.879 to 0.914, reflecting almost perfect
intra-observer agreement for both image evaluations.DISCUSSION
Breast US is a well-established tool in the diagnostic
imaging of lesions despite its operator dependency. In
RTE, different compression techniques of individual ex-
aminers add to the variability of elastograms. However,
for clinical application, a minimal reproducibility of the
lesion assessment is required. Therefore, we comprehen-
sively evaluated inter- and intra-observer agreement on
US BI-RADS classification and on TSs of 156 breast le-
sions. As discussed below, there exist a number of studies
on the inter- and/or intra-observer agreement of either US
BI-RADS classification or Tsukuba score assessment
(see Table 1). In contrast, our study at the same time
analyzes inter- and inter-observer agreement for US BI-
RADS and TSs, which allows comparison of the reli-
ability of conventional US and RTE.
The earliest k values published for US before imple-
mentation of US BI-RADS classification (k5 0.48) indi-
cate moderate inter-observer agreement (Skaane et al.
1997). For US BI-RADS classification, inter-observer
Inter- and intra-observer agreement of US BI-RADS/Tsukuba score d F. SCHWAB et al. 2627agreement ranging from fair to substantial has been re-
ported (Table 1).
Our data for US BI-RADS inter-observer agreement
between the examiner and each of the three reviewers
(k 5 0.585–0.738) and among the reviewers
(k 5 0.559–0.701) indicated moderate to substantial
agreement and are in line with the published data.
With the exception of Elverici et al. (2013), who re-
ported k values indicating substantial to almost perfect
agreement, the majority of studies on intra-observer
agreement for US BI-RADS reveal substantial agreement
(Table 1). With k values between 847 and 0.872, our data
indicate almost perfect intra-observer agreement on US
BI-RADS classification for all reviewers. In contrast,
Calas et al. (2010) found that among eight reviewers,
the intra-observer agreement of the most experienced
reviewer was only fair (k 5 0.37) (Calas et al. 2010).
In agreement with other studies (Table 1), our data
indicate better intra-observer than inter-observer agree-
ment on US BI-RADS classification. It appears that re-
viewers are consistent with respect to lesion description
and interpretation of B-mode images, which results in
an almost perfect intra-observer agreement on BI-
RADS classification. This standardization differs among
individuals, and reduced inter-observer compared with
intra-observer agreement is observed.
As seen in other studies (Table 1), our data revealed
higher k values for TSs than for US BI-RADS. Moderate
to almost perfect inter-observer agreement for TSs has
been reported (Table 1). Our data for TS inter-observer
agreement between the examiner and each of the three re-
viewers (k 5 0.608–0.693) and among the three re-
viewers (k 5 0.750–0.779) indicated substantial
agreement.
To our knowledge, intra-observer agreement for TSs
has so far only been studied by Schaefer et al. (2011).
Similar to our study, Schaefer et al. reported better
intra-observer than inter-observer agreement for TSs.
However, they reported substantial agreement
(k 5 0.72), whereas our data indicated almost perfect
agreement (k5 0.879–0.914). More significantly, our re-
sults differ from those of Schaefer et al. in that we ob-
tained higher k values for inter-observer agreement in
TSs compared with BI-RADS.
It has previously been reported that a 1-h didactic
session in US BI-RADS classification improved inter-
observer agreement (Berg et al. 2012). These data empha-
size the importance of training in the interpretation and
characterization of breast lesions. Consistent with this
notion, the 1-week training in RTE at the onset of our
study (see Appendix) might explain the substantial
inter-observer agreement and almost perfect agreement
for intra-observer agreement in TSs. Our results on
inter-observer and inter-observer agreement for TSs,together with published data, indicate that the TS has
high diagnostic performance.
One limitation of our study was that all patients were
scheduled for breast biopsy, and therefore, no BI-RADS 2
lesions were included. In addition, retrospective review of
B-mode and RTE images was based on static images.CONCLUSIONS
Our data indicated moderate to substantial inter-
observer agreement for US BI-RADS classification, sub-
stantial inter-observer agreement for TSs and almost
perfect intra-observer agreement for US BI-RADS and
TS assessment. Additional training and periodic perfor-
mance evaluations may help to further improve observer
agreement. Ideally, new study designs should incorporate
real-time examination.
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All examiners underwent both theoretical and practical
training in RTE. The theoretical introduction included two half-
day training sessions by a Hitachi representative who explained
and demonstrated RTE instrumentation. In addition, a radiologistexperienced in RTE provided background information on correct
application and interpretation of RTE. Practical training consisted
of two half-day training sessions in which examiners carried out
RTE in patients under the guidance and supervision of the expert
radiologist.
